Several species of Salmonella, Citrobacter, and Arizona were examined for the presence of 3-amino sugars, which were isolated from lipopolysaccharide hydrolysates by cation exchange chromatography and identified by paper and cation exchange chromatography in several systems and by specific colorimetric procedures. 3-Amino-3 ,6-dideoxyglucose was identified in C. freundii 8090, C. freundii 869, S. halle, S. telaviv, S. dakar, S. wandsworth, and S. champaign; 3-amino-3 ,6-dideoxygalactose was found in S. tranoroa and Arizona 24. Evidence suggests that these 3-amino sugars occur in lipopolysaccharides as the N-acetyl derivatives. The composition of the lipopolysaccharides containing the 3-amino sugars was determined, and the lipopolysaccharides were compared serologically in order to correlate chemotypes with serotypes. The lipopolysaccharides containing 3-amino-3, 6-dideoxyglucose reacted with serogroups 28 or 39; those containing 3-amino-3,6-dideoxygalactose were found to react with group 55 antisera. The preparation of a lipopolysaccharide from the phenol phase of the 44% aqueous phenol extraction procedure is also reported.
washed with distilled water, and frozen or acetonedried.
The other organisms used in this study were grown as previously described (13) .
Preparation of lipopolysaccharides. The lipopolysaccharides and phenol-soluble fractions analyzed in this paper (except for C.freundii 8090) were derived from cultures obtained from F. Kauffmann, Statens Serum Institute, Copenhagen, and they are identical with those described in a previous paper (13) .
The lipopolysaccharide of C. freundii 8090, found in the phenol-soluble fraction, was obtained by using the phenol fractionation procedure of Westphal, Luderitz, and Bister (24) . The phenol phase was dialyzed to remove phenol, and the dialyzed fractions were then centrifuged at low speed to remove waterinsoluble residues. The water-soluble portion was then concentrated and the lipopolysaccharide freed of soluble components and ribonucleic acid by successive ultracentrifugation at 100,000 X g, after which neither 260-m, absorption nor ribose could be detected. Lipopolysaccharide containing the 3-amino sugar was obtained from both the phenol layer and the phenol-water interphase layer. Yields of lipopolysaccharide from the aqueous layer were small and erratic.
Reference compounds. Crystalline N-acetyl-3-amino -3, 6 -dideoxy -D -galactose and N -acetyl-3-amino-3, 6-dideoxy-D-mannose were gifts of Gilbert Ashwell of the National Institutes of Health, Bethesda, Md. The free amino sugars were prepared by 2 N HCI hydrolysis as described below. 3-Amino-LUDERITZ ET AL.
3, 6-dideoxy-L-glucose was a gift of A. C. Richardson University of Bristol. 3-Amino-3, 6-dideoxy-D-mannose was also prepared from amphotericin B (7) as described below.
Isolation of aminio sugars. Samples were hydrolyzed in 2 N HCI for 6 hr at 100 C in vacuo. The acid was removed under vacuum, and the amino sugars were then purified on a Dowex 50 H+ column (1 by 50 cm) prepared according to Gardell (8) . Elution was with 0.33 N HCl, and fractions were assayed for cationic reducing sugar by the Park-Johnson ferricyanide assay (17) .
In an alternative method, 35 mg of lipopolysaccharide was hydrolyzed in 3 ml of 2 N HCl for 3 hr in a sealed tube. The acid was removed as above, and the hydrolysate was submitted to paper electrophoresis (3,000 v, 60 min at 10 C). A guide strip was cut and stained with the silver-NaOH reagent (23, 25) , and the area where free glucosamine was found was eluted with 0.05 N HCl. This basic fraction was subsequently separated by paper chromatography in solvent C (see below). Staining of a side strip revealed the presence of a spot migrating like glucosamine, one spot migrating like galactosamine (except for Arizona 24 lipopolysaccharide from which galactosamine is absent), and a third spot of unknown nature. The former amino sugars had been expected, since they had been identified earlier in these lipopolysaccharides. The area of the unknown was eluted with 0.05 N HCI; the eluate, after drying in vacuo, was taken up in 0.05 ml of water. This solution was kept frozen until analyses were performed.
Paper electrophoresis and paper chromatography. High-voltage electrophoresis on paper (Macherey and Nagel MN 214) was performed as previously described (14) with solvent D. Paper chromatography (Whatman no. 1) was performed with solvents A, B, and C. To avoid losses of the amino sugars, the papers, after paper electrophoresis and paper chromatography, were dried at room temperature. The following solvents were used: (A) pyridine-n-butanolwater (4:6:3); (B) acetic acid-n-butanol-water (1:5:2); (C) ethyl acetate-pyridine-acetic acid-water (25:25:5:15) (20) . The assay of Ashwell, Brown, and Volk was used for 3-amino sugars (1). Cation exchange procedures used were those of Boas (4) , Gardell (8) , and the modified amino acid analysis system of Brendel et al. (Anal. Biochem., in press). All methods were adapted to micro amounts, i.e., to quantities of sugars in the range of 0.01 to 0.05 ,mole in a final volume of 0.8 ml for reading in the spectrophotometer. The sulfuric acid-cysteine reaction for identification of 6-deoxyhexoses was performed according to Dische and Shettles (6) .
Nonacetylated amino sugars were also analyzed by the method of Strominger et al. (22) . Preparative N-acetylation of free amino sugars was achieved as follows: 1 ,imole of sugar in 50 ,iliters of water, 200 uliters of saturated NaHCO3, and 200 ,uliters of water containing 10 ,uliters of acetic acid anhydride were kept at room temperature for 60 min, heated (2 min, 100 C), and dried in vacuo over P205. The residue was taken up in 50 ,uliters of water and submitted to paper electrophoresis for 30 min. The neutral fraction representing the acetylated amino sugar was then eluted. Alternatively, the N-acetylation mixture was treated with Dowex-1 -HCO3 (20 to 50 mesh) to remove anions before drying. Standard acetylamino sugars were deacetylated by treatment with 1 N HCl for 2 hr at 100 C to obtain the free amino sugar.
Acetaldehyde was determined on a microscale (e.g., 0.05 ,mole of rhamnose) after periodate oxidation by use of either Conway diffusion dishes (5) or the method described by Kabat and Mayer (11) . For qualitative determinations, a gas diffusion train apparatus (16) 
RESULTS
The amino sugars from the lipopolysaccharides were isolated by acid hydrolysis, followed by paper electrophoresis and paper or cation exchange chromatography.
Isolation ofand identification of glucosamine and galactosamine. Cation exchange chromatography by the procedure of Gardell (8) indicated that the lipopolysaccharides examined of groups 28 and 39 contained both glucosamine and a cationic reducing sugar (elution ratio, RGlcN, 1.36) as previously reported for C. freundii 8090 (18) . In addition, except for Arizona 24, the other preparations examined contained galactosamine (elution ratio, RGlcN, 1.18) as previously reported (13, 15) . The galactosamine identity of the latter was confirmed by ninhydrin degradation (21) , which yielded only lyxose (detected on thin-layer cellulose plates with alkaline silver nitrate) with solvent A, run twice.
Isolation and identification of 3-amino sugars.
The unknown 3-amino sugars were isolated as outlined above. To determine whether the 3-amino sugars were similar to known compounds, the relative retention times on the amino acid analyzer were ascertained by comparison with reference compounds ( Fig. 1) according to the procedure of Brendel et al. (in press). The 3-amino sugars from C. freundii 8090, S. champaign, S. dakar, and S. telaviv all exhibited relative retention times characteristic of authentic 3-amino-3,6-dideoxy-L-glucose (Table 2) . The reference sugar, 3-amino-3, 6-dideoxyglucose, and the bacterial samples were all eluted as a single peak when cochromatographed in this system. The 3-amino sugars from Arizona 24 and S. tranoroa had relative retention times of 119, which is identical to that of 3-amino-3 , 6-dideoxygalactose. The unknown amino sugars, as well as standard 3-amino-3, 6-dideoxygalactose, -glucose, and -mannose, were subjected to the Dische-Shettles reaction used for the identification of 6-deoxyhexoses (6). The spectra obtained showed the typical absorption curves for 6-deoxyhexoses, with a maximum at 400 mu. The color yield of the amino sugars was lower than that of the corresponding neutral 6-deoxyhexoses. The Nacetylated 3-amino-3,6-dideoxyhexoses yielded less color than the free 3-amino sugars.
The suggestion that the unknown sugars contain a terminal methyl group was substantiated when the sugars were oxidized with periodate (5, 11, 16) . All of the unknown amino sugars produced acetaldehyde under these conditions.
Occurrence of N-acetylated 3-amino sugars in lipopolysaccharides. An attempt was made to establish whether the 3-amino sugars occur as N-acetyl compounds. When a small sample of the lipopolysaccharide of S. telaviv was hydrolyzed in 1 N H2SO4 (4 hr, 100 C), neutralized with Ba(OH)2, concentrated in vacuo, and submitted to paper chromatography in solvent A, staining with silver-NaOH revealed the following sugars in this sequence: galactosamine, glucosamine, galactose, glucose, the 3-amino sugar, ribose, and an unknown substance which did not stain with ninhydrin. The unknown compound was eluted, and its analysis showed that it could not be distinguished from the N-acetylated derivative of the 3-amino sugar.
Distribution of lipopolysaccharides in phenol fractions. The specific lipopolysaccharide amino sugars of S. halle and S. dakar were also detected in the phenol-soluble fraction obtained by 44% aqueous phenol fractionation of these organisms, though in small yield when compared to the aqueous lipopolysaccharide fraction. The 3-amino sugar containing lipopolysaccharide of C. freundii 8090, however, was almost entirely confined to the phenol-soluble or interphase fractions.
Serological results. Cross-reactions of S. dakar 281 ,283 and C. freundii 8090 were studied by tube agglutination and by the passive hemagglutination test, with unabsorbed and absorbed test sera. 6 -deoxyhexoses, and 3, 6-dideoxyhexoses were the neutral sugar constituents found. Galactosamine and glucosamine were the only two basic sugars then recognized and identified by paper chromatography and by their products of degradation with ninhydrin.
Since then, 2-keto-3-deoxyoctonate was found by Heath and Ghalambor (9) bacter 869, and Arizona 24. According to analyses reported herein, these sugars belong to the recently discovered group of 3-amino-3,6-dideoxyhexoses. Paper chromatographic properties and retention values on column chromatography suggest that these 3-amino sugars have the glucose and the galactose configuration, respectively. Table 5 shows the list of sugars found so far in the lipopolysaccharides investigated.
Chemical and serological results described in this paper are summarized in Table 6 to reveal possible relationships between specificity and sugar composition. In Table 6 , the 0 factors of the lipopolysaccharides as known from the Kauffmann-White scheme and as determined in this paper are opposed to those sugar constituents which are specific (i.e., not common) to the lipopolysaccharides. It can be seen that the presence of factor 28, is correlated with the presence of galactosamine, the presence of 282 is associated with ribose, and the presence of 283 with the presence of rhamnose; factor 39 is more remote, both serologically and chemically, from the preceding ones, and has in common with these only the presence of the amino sugars, galactosamine, and 3-amino-3,6-dideoxyglucose. S. tranoroa and Arizona 24, which do not crossreact, are also distinct with respect to some of their sugar constituents. It is unknown, however, whether these parallelisms of factors and sugars have significance. Inhibition studies with the sugars will provide more information.
As a result of the discovery of new sugar constituents in these lipopolysaccharides, they have to be classified into new chemotypes. However, the classification into new chemotypes will be done later, after the structure of other amino sugars found in various lipopolysaccharides from other species has been evaluated. This work is in progress.
It is probable that the sugars described here occur as their N-acetylated derivatives in the respective lipopolysaccharides. From S. telaviv lipopolysaccharide, a small amount of 3-N-acetamido-3 , 6-dideoxyhexose has been isolated.
A frequently used method of preparing lipopolysaccharides from gram-negative bacteria has been the procedure of The abbreviation CS refers to the sugars common to all lipopolysaccharides: glucosamine, 2-keto-3-deoxyoctonate, heptose, galactose, and glucose. The other abbreviations are defined in Table 5. significance, is the observation that the C. freundii 8090 lipopolysaccharide is found almost completely in the phenol-soluble fraction, as was the case with the X. campestris preparation studied by Ashwell and Volk (2). We have no explanation, at present, other than that the partitioning occurs because of differential solubilities due to nonpolar groups of sugars such as 3-amino-3, 6-dideoxyhexose and rhamnose (10) , which may alone explain why such lipopolysaccharides partition between phenol and water. Further study of composition and structure may reveal more information. Obviously, various genera and species of bacteria previously studied must be reexamined for the occurrence of carbohydrate in the phenol-soluble fractions.
The general occurrence and significance of phenol-soluble lipopolysaccharides in the Enterobacteriaceae is unknown at present. Much more needs to be known about composition, structure, biosynthesis, and immunological and biological properties of such materials.
